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tetrapyrrole compound. 

@ This invention relates to new therapeutic compositions 
lor detection and/or treatment of mammalian tumors which 
comprises a fluorescent mono- or polyamide of an amino- 
dicarboxylic acid and a tetrapyrrole containing at least one 
carboxy group of the structure: 
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M wherein Z is the aminodicarboxyllc acid residue less the 
M amino group and X is the tetrapyrrole residue less the carb- 
S oxy group and -n- Is an integer from 1 to 4 inclusive, and a 
W pharmaceutical carrier therefor and a process for preparing 
the active tetrapyrrole compound. 
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1 ' ■ This invention relates to nev therapeutic conpositions 

which are useful in photodiaonosis and phototherapy, especially 
in the cctcction end treatment of tunars ans cancerous 

tissues in the hunicn or aninal boiy. 

5 

^ It is known to irradiate tumors and cancerous 
tissues in the human body with intensive light following 
adr.inistration of a hematooorphyrin derivative in the 
wavelength range of 626 to 636 nanometers to reduce 
10 and, at times, destroy the cancerous cells (see 
PCT published specification WO 33/00811). It is 
also Known that porphyrins, especially the sodium 
salt of protoporphyrins, can maintain or promote the 
ncrmal functions of cells and are useful for preventing 
15 the genesis, grov;th, metastasis , and relapse of 

malignant tumors.. Japanese Published Patent Application 
Ko- 125737/76 describes the use of porphyrins as 
tumor inhibiting agents, exemplifying etibporphyrin, 
mesoporphyrin, protoporphyrin, deuteroporphyrin, 
20 hematoporphyrin, coprophyrin, and uroporphyrin. 

In Tetrahedron Letters No. 23, pp. 2017-2020 
(1978), there is described an amino monocarboxylic 
acid adduct of the pigment bonellin obtained by 
extraction of principally the body wall of the marine 
25 echuroid B. viridis . The structure of these adducts is 
presumed to be an amide formed through either of the 
free carboxy groups of bonellin and the amino mono- 
carboxylic acid. Hydrolysis of the adduct yielded 
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a- mixture of valine, isoleucinc. leucine and allo- 
isolcucine. No use for these anino acid adducts xs 

described in this reference. 

That the tetr.pyrroles cause intense photo- 
sensitivity in animals is well-known and has been 

-.^cifie*; in literature, e.g., 
documented in numerous articxe^ * 

J. intr. Sci. Vitaninol. 27. 521-527 (19S1) ; Agrxc. 
Biol. Chem.. 46(9). 2183-2193 (1982); Chem. Abst. 
98, 276 (1983) and 88, 69764m (1928). 



The therapeutic agents contemplated by this inventxon 
• are cyclic and acyclic tetrapyrroles derived by various 

procedures from naturally-occurring tetrapyrroles. 
15 The cyclic tetrapyrroles have as their common parent 

tetrapyrrole, uroporphyrinogen, and possess the 

following ring structure: 
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^ in which the positions in the molecule are nunbered 

1-20, a.-.d the rings identified by letters A. D, C and D. 
and also include perhydro-, e.g., dihydro- and. 
tctrahvdro-, derivatives of the said ring structure, 
^ e.g., cc-?ounds in which one or nore double bonds. 

are absent. There are present in the ring systen four 
pyrrole rings joined through the alpha positions of 
the respective pyrrole rings by a methine group, i.e., 
-CH=. The compounds of the present invention are 
designated as derivatives of the tetrapyrroles for 
convenience in the disclosure and the appended claims 
and it will be understood that the term " tetrapyrrole" 
will designate compounds of the characteristic ring 

structure designated hereinbefore as well as the 

corresponding perhydro derivatives, and the corresponding 
non-cyclic pyrroles, i.e., the linear tetrapyrroles, 
commonly known as the bile pigments. 

The tetrapyrroles employed in the present inven- 
tion are all derived by various means and various altera- 
tion procedures from natural tetrapyrroles. The naturally 
occurring tetrapyrroles have as their common ancestor 
uroporphyrinogen III, a hexahydroporphyrin reduced at the 
bridge positions. For example, synthetic or biosynthctic 
derivatives or products of protoporphyrins IX or proto- 
porphyrinogen IX are well-known in the art (see, for 
example. Porphyrins and Metalloporphyrins, K. Smith 
Elsivier; The Porphyrins (Vols. 1-7) D. Dolphin, 
Acade-nic Press; and Biosynthetic Pathways, Vol. Ill, 
30 Chapter by B. Burnham, editor D.M. Greenberg, Academic 
Press) . 
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1 The non-cyclic tctropy rrolcs are corunonly 

known as bile pigments and include, for cxanple, bili- 
rubin and biliverdin. These tetrapyrroles are also 
derived from protoporphyrin, e.g., as metabolic products 

5 in animals . 

A further characteristic of the present new therapeutic 
composition is the presence of at least one amide linkage 
in a substituent at any of the numbered positions of 
the ring structure. These are present in the instant 
^0 new compounds together with other substituents as 

defined hereinafter. 

Thus, the present invention contemplates the therapeutic 

compositions, comprising of amino acid or peptide derivatives of 
compounds which contain chromosphore of porphyrins, chlorins or 

15 bacteriochlorins, as well as related porphyrin compounds. 
The peptide linkage involves a carboxy group of the chromo- 
phore-bearing compound and the amino group of the specified 
amino acid. The present new compounds embrace, inter alia, 
derivatives of the tetrapyrroles which contain a free 

20 carboxy group. These derivatives include the major 

classes of tetrapyrroles: carboxy-containing porphyrins, 
chlorins, and bacteriochlorins, which are well-known to 

those skilled in this art. 

The amino acid employed in the present invention 
25 to form the aforesaid peptide linkage are amino-dicarboxylic 
acids in v;hich the amino group, of course, is located 
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1 on a carbon atom of the dicarboxylic acid. The specific 
position of the amino group in the carbon atom chain is 
not critical, the only requirement being that the amino 
group be available to form the requisite peptide linkage 
5 v/ith the carboxyl group of the selected porphyrin. Thus, 

a variety of amino dicarboxylic acids are useful in the composition 
of the present invention, including ^-aminosuccinic (aspartic) , 
c^r -aminoglutaric (glutamic), beta-amihoglutaric, beta- 
aminosebacic, 2 , 6-piperidinedicarboxylic, 2,5-pyrrole- 
10 dicarboxylic, 2"carboxypyrrole-5-acetic, 2-carboNy- 

piperidine-6-propionic, ^ -aminoadipic, cyl-an\inoazelaic, 
and similar such acids. These amino acids may be sub- 
stituted with angular alkyl groups such as methyl and 
ethyl groups, as well as other groups which do not 
15 adversely affect the capability of the amino group to 
• form the peptide linkage, e.g., alkoxy groups or 

acyloxy groups, and may also include additional amino 
groups. The preferred amino acids are the naturally 
occurring o^-amino acids, glutamic and aspartic acids, 
20 whch are readily available and, up to the present, have 
provided the best results. 

Exemplary compounds of the tetrapyrrole classes 
are illustrated in Table I in which the numbered positions 
of the tetrapyrrole ring structure are used to designate 
25 the position of the indicated substituent. The absence 
of double bonds in the ring system is designated under 
"dihydro" with each set of numbers (ring position) 
indicating the absence of a double bond between the de-.ig- 
nated positions. 
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The orcscnt new therapeutic composition is comprised 
of .ono- or polyamides of an aminodicarboxylic and a tetrapyrrole 
containing at least one c.rboxyl .roup of the structure 




wherein Z is the aminodicarboxylic acid residue less the 
amino group and X is the tetrapyrrole residue less the 

~ "n" is an integer from 1 to 4 inclusive 

10 carboxy group and n is an inteyci. 

The particularly preferred compounds are 
fluorescent mono- or polyamides of an a.-ninodicarboxylic 
acid and a tetrapyrrole compound of the formula: 
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or the corresponding ci- or tc ^ran^ ctuu^ . 
wherein 

R, is methyl; -» <^-0" 



25 



H 
I 



f-H ory- 

C -CH3 L-CH3; 

. is H, vinyl, ethyl, -CKCH3, acetyl, C-H 

2 C-ethyl, 



-C«0, CUjCHjCOjHr or =CHCHO; 



R is methyl C -H $""^"3 

C-CH3 L-OH; 

R^ is H, vinyl, ethyl, -CHCH3 

OH, 



CH^CHjCOjH,. =CHCHO; or ^-H 



thyl; 



is methyl; 



R. is H, CHjCHjCOjH, CH2CK2CO2R or CO2H; 



CH2CO2H 



is CHjCHjCOjH, CHjCHjCOjR, or C-CHjCi 
R„ is methyl or C -CH3 ^-H; 

° 1 -H 

Rg is H, COOH, CHjCOOH or methyl; 

provided that when R,. Rj. \' ""l ^""^ "P"^^"'^ 
substituents or are divalent and attached to the ss.-T,e carbor.. 
the respective pyrrole ring to which attached is a dihydrc- 
pyrrole; 

R is lower alkyl or benzyl j -C"=0 -c=o 

R and Rg, taken together are -CHj or -CHCOjC-ij 

with the proviso that at least one of R^-Rg includes a free 
carboxyl groups and salts thereof. 
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The espcciolly preferred therapeutic compositions of the 

• ! IlLrised of amides which are derived from tetrapyrroles 

invention are comprisea ot am-LK*^ 

of the formula: 
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or the corresponding di- or tetrahydrotetrapyr roles 
and salts thereof . wherein - are as previously 



defined. 
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^ therapeutic agents of this inve 
1 Particularly prc'.crrcd therapeuci 

include the following compounds: 
Chlcr: n P rrivativcs 
. Kcr.o and iiaspartyl trans-r.cso=!:lorir. 
5 Kor.o cr.e dicluranyl tr ar.s-r,csochl=rin IN 
^; ar.d triaspartyl chlorin 

K . end triaspcrtyl mcscchlcrin 

Mor.c, di and triglutamyl chlorin e^ 
Mono, di and triglutar>yl mesochlorin 
10 Mono and diasoartyl chlorin e^ . 
Mono and diasoartyl mesochlorin 
Mono and diaspartyl isochlorin e^ 
Mono and diasoartyl mesochlorin e^ 
Kono and diglutanyl chlorin e^ 
15 Kono and diglutcmyl mesochlorin 
Kono and diglutamyl isochlorin e^ 
Mono and diglutamyl mesoisochlorin e^ 
Monoaspartyl pyropheophorbide a 
Monogluta.-nylpyro?heophorbide a 

20 Monoaspartylpheophorbide a 
Monogluta.-nylpheophorbide a 
Mono and diaspartylphotoprotoporphyrin IX 

Mono and ^^^^^^^I'^'^Z^^^^^ " 
Mono and di-L-alpha-amxnoadipyl trans 

25 Porphyrins nprivctives 

Mono and diaspartylmesoporphyrin IX 
Mono and diglutamylmesoporphyrin IX 
Mono and diaspartylprotoporphyrin IX 
Mono and diglutamyl protoporphyrin IX 
30 Mono and diaspartyldeuteroporphyrin IX 
Mono and diglotamyldeuteroporphyrin 
■ Mono. di. tri and tetraaspartylcoproporphyr.n 



tri and tetragluta^ylcoporphyrin III 
35 Mono and diasoartylhematoporphyrin IX 
Mono and diglutamylhematoporphyin IX 
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Mono and diaspartj*" - 
.4 diolutanylbacterlochlorxn 

Mono, dl and trl9lutamylbacter.oc _ o"„ 
Monoaspartylpyrobacteriopheophorbde 

Monogl«ta»ylpyrobacteriopheophorbide a 

Monoaspartylbacteriopheophorbidefi 
Monoglutanylbactetiopheophorbide a 
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y The aforesaid compounds form salts with 

Cither ocias or boscs. T.o acid scUs ore 
useful for ourificction and/or separation of the .xnai 

^1 _ -,11.0 ii--- ir-" vith bases. The 
an^ide products as arc the sr.lts -o-ac- vitn 

5 base salts, however, arc particularly preferre- :or 

diacnostic and therapeutic use as hercindescribcd. 

The acid salts are formed with a variety 

of acids such as the mineral acids, hydrochloric, 

hydrobromic, nitric and sulfuric acids, organic 

10 acids such as toluenesulfonic and benezenesulfonic 

The base salts include, for example, sodium, 
potassium, calcium, magnesium, ammonium, triethyl- 
ammonium. trimethyl ammonium, moroholine and piperxdxne 

15 salts and similar such salts. 

The acid and base salts are formed by the 
simple expediency of dissolving the selected amino acxd 
tetraoyrrole amide in an aqueous solution of the acxd or 
base and evaporation of the solution to dryness. The 

20 use of a vater-miscible solvent for the amide can assist 

in dissolving the amide. 

The final amide products can also be converted 

• to metal complexes for example by reaction with metal 
salts. The magnesium complexes may be. useful for the 

25 same purpose as the adduct product. Other metal complexes, 
as well as the magnesium complex, including, for example, 
iron and zinc, are useful to preclude contamination 
during processing of the adduct product by metals such 
as nickel, cobalt and copper, which are difficult to 

30 remove. Zinc and magnesium are readily removed from 
the final adduct product after processing is completed. 
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Since nony of the aminodicarboxylic ccids - 
exist in both the D- ond L-forrns. and also are employed 
in ni.turcs of these forns as well as the D.L-:orn, the 
selection of fhe starting amino acid will, of course. 

>. ; _u ..Kn •■rtc'^oe*' ive isomer or 
result in =roducts in which the .cspec.ive 

mixture of" isomers exist. The present invention con- 

tcnolatcs the use of all such isomers, but the L-.orm 

is particularly preferred. 

The aforesaid conpounds are prepared by 

the usual peptide synthetic routes which generally 
include any amide-forming reaction between the 
selected amino acid and the specific tetrapyrrole. 
Thus, any amide- forming derivative of the tetra- 
pyrrole carboxylic acid can be employed in producing 
the present new peptides, e.g., lower alkyl esters, 
anhydrides and mixed anhydrides. 

The oreferred preparative methods use mixed 
anhydrides of the carboxylic acid or carbodiimides. 
The reactants are merely contacted in a suitable 
solvent therefor and allowed to react. Temperatures 
up to the reflux temperature can be used, with the 
hicher temoeratures merely reducing the reaction time. 
Excessively high temperatures are usually not preferred 
so as to avoid unwanted secondary reactions however, 
j The procedures for forming the instant pep- 

tides are well known in this art and are provided in 
detail in the accompanying examples. 

When the selected tetrapyrrole contains 
n,ore than one carboxyl group, then mixtures of products 
0 can be formed including isomeric monopeptide products 
and di- and even tri- or higher peptide products. 
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30 



dcpcndinc! on the number of carboxyl groups and depending on 
the selected stoichiomctry. Thus, when . eauimolar nix- 
turcs of a.T>ino ocid ond tctrapyrrolc arc reactd, 
not only nonoocptides but also dipeptides arc obtained, 
although the monopcptide would prcdoriinate. v:ith 
higher nolar ratios, the nature of the products will 
si.-ilarly vary.. It is generally possible to separate, 
the nonopeptides and higher peptides using known 
chronatographic techniques. However, such separations 
are not necessary since the mixed peptides are usually 
conparable to the separated products in their ultimate 
use. Thus, mixtures of the mono-, di- and tri- 
peptides of the same tetrapyrrole can be used. 

Usually, unreacted tetrapyrrole is separated 
from the peptide products of the invention during puri- 
fication as, for example, by chromatographic techniques. 
Photodiacnosis and Photot herapy 

The compositions of the present invention are 
useful for the photodiagnosis and phototherapy of tumor, 
cancer and malignant tissue (hereinafter referred to 

as "tumor") . 

When a man or animal having tumor is treated 

with doses of a compound of the present invention and 
when appropriate light rays or electromagnetic waves are 
applied, the compound emits light, i.e., fluorescence. Thereby 
the existence, position and size of tumor can be detected, 

i.e., photodiagnosis. 

When the tumor is irradiated with light of 
p'oper wavelength and intensity, the compound is 
activated to exert a cell killing effect against the tumor. 
This is called "phototherapy". 
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Conooor.ds intended for photodiagno'sis ond 
Dhotothcraoy ideally should have the follou-ing pro- 
ocrt ics : 

(a) non-toxic at normal therapeutic dosage 
unless and until activated by light; 

(b) should be selectively photoactive; 

(c) when light rays or electronacnetic waves 
are applied, they should emit characteristic and detect- 
able fluorescence; 

(d) when irradiated with light rays or 
electromagnetic waves are applied, they are activated to 

an extent to exert a cell killing . effect against tumor; and 

(e) easily metabolized or excreted after 

treatment. 

In accordance with testing up to the present, the 
compounds of the present new therapeutic compositions have the 
foregoing properties and are also characterized by reasonable 
solubility in water at physiological pH. 

The aforesaid compounds possess greater 
fluorescence in tumors than do the corresponding basic 
tetrapyrroles, and even peptides formed with amino mono- 
carboxylic acids, e.g., alanine and epsilon aminocaproic 
acid. Their use provides the best contrast in tumors 
comoared to normal tissue around the tumor. The instant 
compounds absorb activating energy for phototherapy in the 
convenient range of 600 to 800 nanometers, with the 
preferred compounds absorbing in the 620-760 nanometer 
range, i.e., light of longer wavelengths which more 
readily permits penetration of energy into the tumor for 
phototherapeutic purpose. 

In present experience, the present compounds 
more uniformly distribute throughout the tumor than the 
basic tctrapyrrole permitting the use of considerably 
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1 lower dosogc (to about 1/lOth of the required normal 
dose of the basic tctrapyrrole) which lessens, if not 
clininatcs, photoscnsitication in the host. They also 
Dossoss a more consistent fluorescence whereas some of 
5 the corresponding tctrapyrroles shov; inconsistent 
fluorescence or the fluorescence varies fron cay to 
day in the host . 

A particularly advantageous property of the 
present compounds resides in the ease v;ith which they 
^0 are excreted by the host. Generally, within 48 to 72 
. hours of intravenous or intraperitonal administration, 
there are little or no detectable amounts in normal muscle 
tissue. The present compounds which are excreted with their 
chroirosphore intact are recovered from the feces of the host within 
15 48-72 hours of injection. Under equivalent circumstances, sub- 
stantial amounts of the corresponding tetrapyrroles remain, as com- 
pared with only minor amounts of peptides formed with the amino 
monocarboxylic acids remain in the host, e.g., up to about 20%. 
This property is extremely important in that it conttibutes to 
20 minimization of photosensitization of the host. 

The instant composition can be used for diagnosis 
and therapeutic treatment of a broad range of tumors. 
Examples of tumors are gastric cancer, enteric cancer, 
lung caacer , breast cancer , uterine cancer, esophageal 
25 cancer, ovarian cancer, pancreatic cancer, pharyngeal 
cancer, sarcomas, hepatic cancer, cancer of the urinary 
bladder, cancer of the upper jaw, cancer of the bile- 
duct, cancer of the tongue, cerebral tumor, skin cancer, 
malicnsat goiter, prostatic cancer, cancer of the 
30 parotid gland, Hodgkins's disease, multiple myeloma, 
renal cxncer, leukemia, and malignant lymphocytoma. 
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ror diaar.osis. the sole requirement is that the tumor be 
capable of selectively fluorescing when exposed to proper light. 
For treatment, the tumor must be penetrable by the 
activation energy. For diagnosis, light of shorter 
wavelength is used whereas for therapeutic purposes 
light of longer wavelength is used to permit ready 
oenetration of the tumor tissue. Thus, for diagnosis, 
light Of from 360-760 nanometers can be used, and 
for treatment, from 620 to 760, depending on the 
individual characteristics of the tetrapyrrole . 
The absorption characteristics of the present new 
compounds are substantially the same as the tetrapyrrole 

from which derived. 

It is necessary that the light rays be 
so intense as to cause the compounds to emit fluorescence 
for diagnosis and to exert a cell killing effect for therapy. 

The source of irradiation for photodiag- 
nosis and phototherapy is not restricted, however, 
but the laser beam is preferable because intensive 
light rays in a desired wavelength range can be 
selectively applied. For example, in photodiagnosis, 
the compound of the invention is administered to a human or 
animal body, and after a certain period of time, light 
rays are applied to the part to be examined. When an 
endoscope can be used for the affected part, such as 
lungs, gullet, stomach, womb, urinary bladder or 
rectum, it is irradiated using the endoscope, and 
the tumor portion selectively emits fluorescence. This 
portion is observed visually, or observed through an 
adapted fiber scope by eye or on a CRT Screen, 
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1 . In phototherapy, oftcr odmi nis tret ion of the 

dosage, the irradiation is carried out by laser bea--ns 
fron the tip of ^quartz fibers. Besides the irradiation of 
the surface of tumor, the internal part of the tumor 

5 can be irradiated by inserting the tip of quarts fibers 
into the tun^or. The- irradiation can be visually observed 
or iniaged on a CRT screen. 

For photodiagnosis, light of wavelengths between 
360 and 760 nm, is suitable for activating the present tetra- 
10 pyrrole compounds. Of course, each compound has a specific 

optimal wavelength of activation. A long wavelength ultraviolet 
lamp is particularly suitable for photodiagnosis. Similar 
methods for viewing of the treated tumor can be used as already 

described for phototherapy. 
.15 The dosages of compounds having the present new 

composition will vary depending on the desired effect, whether for 
diagnosis or for treatment. For diagnosis, doses of 
as little as 1 mg/kg will be effective, and up to about 
20 mg/kg can be used. For treatment, the dose will 
20 usually approximate about 0.5 mg/kg. Of course, the 
dosage for either diagnosis or treatment can be varied 
v;idely in view of aforesaid advantageous properties of 
the present compounds, e.g., the ease- of elimination 
from the host, for one. 
25 The present compounds are apparently non- 

toxic at the dosage levels employed for diagnosis or 
treatment. No mortality of test animals due the present 
compounds has been noted in studies employing dosage levels 
up to 20 mg/kg. 
30 For both diagnosis and treatment, the present 

. comoounds can be administered by the oral, int>-avenous , 
or intramuscular routes'. They can be formulated as lyo- 
philized sterile, pyrogen-free compounds, preferably 
in the form of basic salts, e.g., sodium salt. The 
35 preferred dosage forms are provided as injectable 
solutions (isotonic) - 
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The irradiation source used in trcatncnt of 
tumors containing compounds of this invention is a filtered, . 
high-intensity, continuous source or pumped dye, or other 
laser and light delivery system, which is capable of perfonr.ing 
within the following limits: power intensity 20-500 mw/cm 
at wavelengths between 620 and 760 r.-. and a total output 
of at least 500 mw or greater. Several currently cormer- 
cially available lasers meet these criteria. 

The tetrapyrroles can be prepared by various 
synthetic methods which are found in the literature, e.g., 
Pheoohorbides 

Willstatter, R. , A- Investications on Chloroohvll, 

(Transl. Schertz, FM.M., Merz, A.R.) p. 249. Science 
Printing Press, Lancaster, Pennsylvania, 1928. 

Pennington, F.C, Strain, H.H., Svec, W.A., Katz, J.J.; 
J. fij^er. Chem. Soc , 86, 1418 (1964). 

Chlorin e, 

Willstatter, R. , Stoll, A.; Investigations on Chlorophvll , 
(Trans., Schertz, F.M. , Merz, A.R.,) p. 176. Science 
Printing Press, Lancaster, Pennsylvani, 1928. 

Willstatter, R. , Isler, M. ; Ann. Chem. , 390, 269 (1912). 

Fisher, H., Baumler, R. ; Ann. Chem. , 474 , 65 (1929). 

Fisher, H., Siebel, H.j Ann. Chem. , 499, 84 (1932). 

3° conant, J.B., Mayer, w.H.; J. Amer. Chem. Soc, 52, 3013 
(1930). 

\ 
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Chlorin c , 



Fisher, H., Hccknaicr, J., Plotz, E, ; Justus Lcibirs Ann. 
Chem. , 500 215 (1933) . 



Chlorin e^r c^, isochlorin c^, mesochlorin e^, bacterio 
pheophorbide, bacteriochlorin 

Fischer and Orth, *'Des Chemie des Pyrrole" Akadeniische 
Verlazsgesellschaf t, Leipzig, 1940, Vol. II, Part 2. 

General Reference for Porphyrins 

"Porphyrins and Metalloporphyrins" ed. Kevin M. Smith, 
Elsevier 1975 N.Y. 
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7!ic conpounds of the present invention ccn be 
adninistcrcd to the host in a variety of forms adapted to 
the chosen route of administration, i.e., orally# intra- 
vcneouslv, i ntranuscularlv or subcutaneous routes. 

The active coxoounc r.av be orallv administered, for 
exarr.ple, \.ith an inert diluent or v;ith an assir.ilable edible 
carrier, cr it nay be enclosed in hard or soft shell gelatin 
capsule, or it way be coir.prcssed into tablets, or it may be 
incorporated directly with the food of the diet. For oral 
theraoeutic adninistra tion , the active corocund may be 
incorporated with excipients and used in the form of 
ingestible tablets, buccal tablets, troches, capsules, 
elixirs, suspensions, syrups, wafers, and the like. Such 
compositions and preparations should contain at least 0.1% of 

active corr.pound. The percentage of the co-positions and 

preparations may, of course, be varied and may conveniently be 
between about 2 to about 60% of the weight of the unit. The 
amount of active compound' in such therapeutically useful 
compositions is such that a suitable dosage will be obtained. 
Preferred compositions or preparations according to the 
oresent invention are preoared so that an oral dosage unit 
form contains between about 50 and 300 mg of active compound. 

The tablets, troches, pills, capsules and the like 
may also contain the following: A binder such as gum traga- 
canth, acacia, corn starch or gelatin; excipients such as 
cicalcium phosphate; a disintegrating agent such as corn 
starch, potato starch, alginic acid and the like; a lubricant 
such as magnesium stearate; and a sweetening agent such as 
sucrose, lactose or saccharin may be added or a flavoring 
agent such as peppermint, oil of wintergreen, or cherry 
flavoring. VJhen the dosage unit form is a capsule, it may 
contain, in addition to materials of the above type, a liquid 
carrier. Various other materials may be present as coatings 
or to otherv/ise modify the physical form of the dosage unit. 
For instance, tablets, pills, or capsules may be coated with 
shellac, sugar or both, A syrup or elixir may contain the 
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active cc-pound. sucrose as a sweetening agent, nethyl and 
prooylparabcns as preservatives, a iye and flavoring such as 
cherry or orange flavor. Of course, any r.atcrial used in 

--^.-n. K^r-^c b" =har32ccuticclly pure 

preparing any oosegc unit .oiir. s..c«.-c j- . 

2nd substantially non-toxic in the ar.sur.ts er.ployed. In 
addition, the active cor.pounc nay be ir.ccrporatoc in.o 
sustainec-roleasc preparations and for-ulations. 

The active compound pay also be ac-inistered 
parenterally or intreperitoneally . Solutions of the active 
cor.oound as a free base or pharmacologically acceptable salt 
can be prepared in water suitably r.ixed with a surfactant such 
as hydroxvoropylccUulose. Dispersions can also be prepared 
in glycerol, liquid polyethylene glycols, and mixtures thereof 
and in oils. Under ordinary conditions of storage and use. 
these preparations contain a preservative to prevent the - 

growth of microorganisms. ' ■!> 

The pharmaceutical forms suitable for injectable use 
include sterile aqueous solutions or dispersions and sterile 
powders for the extemporanous preparation of sterile 
injectable solutions or dispersions. In all cases the form 
must be sterile and must be fluid to the extent that easy 
syringability exists. It must be stable under the conditions 
of manufacture and storage and must be preserved agaxnst the 
contaminating action of microorganisms such as bacteria and 
'ungi. The carrier can be a solvent or dispersion medium 
containing, for example, water, ethanol, polyol (for example, 
glycerol, propylene glj-col,. and. liquid polyethylene glycol. . 
end the like), suitable mixtures thereof, and vegetable oils. 
The proper fluidity .can be maintained.- for example.- by the use 
oo of a coating such as lecithin, by the maintenance of the 

required particle si2e in the case of dispersion and by the 
use of surfactants. The prevention of the action of micro- 
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oroonisns can be broucht abou. b> 

, .^_.„-;r ac^-ts, for cxar.plc, 
it will be preferable- to ir.clucc- i::o.c..-c ..c...... 

suc.rs or sodiun chlorice. rrolcr...c obs=rpt:cr. of tne 
injectable co-ositions can be brouc.-.t abet by the use xn . 
cor-.=o = itions of agents delaying absorption. :or e>:ar'.?ie, 
aluninur, nonostcarate and gelatin. 

Sterile injectable solutions are prepared by 
incorporating the active compound in the required --"^ - 
the appropriate solvent with various of the other xngred.ents 
enumerated above, as required, followed by filtered 
sterilization. Generally, dispersions are prepared by 
incorporating the various sterilized active ingredient into, a 

vehille ..icb contains the basic — ^ ^^-^^ 
the required other ingredients -ron .hose .nurr 
in the case of sterile powders for the preparation of ste-ile 
injectable solutions, the preferred methods of P-P"--;;" 
vacuu. drying and the f reeze-drying technique which yield a 
powder of the active ingredient plus any additional aesired 
ingredient fro. previously sterile-filtered solution thereo.. 

The present new compounds may also be applied 
di-ectly to tumors, whether internal or external, in the 
host in topical compositions. Exemplary compositions 
include solutions of the new compounds in solvents, 
particularly aqueous solvents, most preferably water 
Alternatively, for topical application P"^-^^"^^;° 
Shin tumors, the present new compounds may be ^"P"""^ 
in the usual cream or salve formulations commonly used for 
this purpose or may be provided in the form of sP»y o 
tions or suspensions which may include a propellant usually 
'■ employed in aerosol preparations. 
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^3 used herein, "ph.rn.ccutically ccccp.oble 

carrier" includes any and all solvents, dispersxon ned.a. 
earner xi^^-^-^ * ^^*.c ^«ro-onic and 

known in the a^t. Lxccpt its use in 

a.ent is inco.patable with the ^..^entary 
the therapeutic cocpositxons is cor. .enplaned . p 
active ingredients can also be incorporated xn.o the 

compositions. . . 

It is espcciolly advantageous to fcrr.ulate 

. . • H«c-ce unit forn for ease of 
parenteral ""P---^ ^/^^^^r J^,3age . Oosa.e unit for. as 
administration and .n.torr..,oi 9 ^^^^^ 

.see herein refers to = '^Jf.u'.ects to be treated; .each 
unitary dosa.e. for the — "^/.f. , = ,ive material 
.nit containing a predetcrr.uncc <^^y^ ° 

calculated to nrocuce . carrier. The 

association with the requireo p..a-r.ac - invention 
soecification for the novel ^^^^ 

are dictated by and directly ^^^^"^ ' ^"^.^ L ^L^.c^lar 
Characteristics of the active material an .he P ^^^^^ 
therapeutic effect to be achieved, and (b, the ^^^^^^^^ 
inherent in the art of compounding such an 
for the treatment of tumors in li^>ing subjects. 
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EXA.MPLE 1 

^ Z\ rr"TV irnrb"^^ ^"^^^ Method) 

Di m T) n-rnr-'^ . ..n.^osoch l or i n IX (C arbo 

ux Kurui ,u TTior^t-in and 200 mg of (D,L) 

140 ng of transmcsochlorin ana 

aspartic acid di.cthyl ester Hydrochloride ^ro 
5 dissolved in 30 .1 of di.ethyl for.a..de. 00 . 

N.N^dicyclohexyl-carbodiimide was added. The 

auowed to stand for one hour. ^-JJ-^/^ ; 

of carbodiimide was added. This procedure was P 

twice and then the reaction mixture was allowed to 
10 stand overnight. The reaction may be — 

thin layer chromatography on silica, using solvent 

benzene/methanol/88% formic acid « ' ' ^^J' " .^^^^^^ . 

The disubstituted chlorin has the highest Rf 

value, the unsubstituted chlorin has the ^o-^^'^^^^ 

15 the m nosubstituted isomers in between and -J";^-/;^^ 

-^i-K*- <-h*> reaction mixture 
After standing overnight, the reaci. 

appeared to contain at least 50% of the disubstituted 
Chlorin. The solvent was removed under vacuum and 
the remaining solid dissolved in 50 ml of 3N^HCl 

The solution was allowed to stand at room 
temperature for .8 hours to hydrolyze the ester groups, 
then the chlorin mixture was precipitated P" 2-5 3 
and collected- and washed with water at the centrifuge 

The Chlorin mixture was purified by dissolving 
25 in 0.05 H NH.OH and applying to a reverse phase {C-18 
O in * - ^„ V 30 cm. The elution procedure 

silica) column 2.5 cm X 30 cm. , i „ n oi M 

is a linear gradient from 40 to 70% methanol in 0.01 M 
KPO buffer pH 6.85 (1 liter total volume). 

The leading green band (di D, L aspartyl trans- 
30 mesochlorin IX) was collected and flash evaporated to 
remove the methyl alcohol, the solution then pre- 
cipitated at pH 2.5-3 and collected and washed 3 times at 
cipitcittiu 1 oroduct was 

the centrifuge with dilute acetic acid. ''^^ 
dried under vacuum. The yield was 67 mg of di (D.L) 
35 aspartyl transmesochlorin IX. 
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^ . EXAMPLE 2 

ni ^nd Mono (L) olutanvl tran s mpsochlorin IX (mixed , 

anhydride method) 

50 mg (0.000087 moles) of transmesochlorin IX 
5 was dissolved in 100 ml of tctrahydrofuran (THF) . 210 /il 
(0.002 moles) of triethylamine - was added with stirring. 
After 10 minutes, 195 /al (0.00179 moles) of ethyl- 
chloroformate was added. After stirring 10 minutes, 
50 ml (0.01 moles) of 0.2 M KOH containing 250 mg 
10 (0.00169 moles) of (L) glutamic acid was added dropwise 
with stirring to the THF solution. This mixture was 
stirred 60 minutes at room temperature. 

The organic solvent was flashed off and the 
reaction mixture was checlced by silica TLC for product. 
Ben2ene/methanol/88% formic acid (8.5/1.5/0.13) was 
used to develop the chromatogram. 

Afcer checlcing for product, the solution was 
adjusted to pH 7.5-8.0 and placed on a reverse phase 
(C-18 silica) column 2.5 x 30 cm. The reaction mi::ture 
20 was resolved using a linear gradient of 40-80% methanol 
in 0.01 M KPO, buffer pH 6.85 (1 liter total volume). 

The column effluent was collected via fraction 
collector and the tube contents were pooled according 
to individual components. The order of elution was di 
25 (L) glutamyl transmesochlorin IX. mono (L) glutamyl 

transmesochlorin IX, and unsubstituted transmesochlorin IX. 

The methanol was flashed off and the material 
was orecipitated at pH 2.5-3.0. The ppt was washed 3 
times with dilute acetic acid in water. The product 
30 was dried under vacuum. 
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1 EXAMPLE 3 

Pi nnd mono (D,L) osoartvl ohotoDro tODorDhvi n IX 
(TT\i>:ed anhydride method) 

313.4 mg of photoprotoporphyr in IX (isomer 
5 miMture) was dissolved in 100 mis of tetrahydrof uran 
(THF). 210 ;j1 of tr iethylamine was added with stirring. 
After 10 minutes, 210 ul of ethyl chloroformate was 
added. After stirring for 10 minutes, 50 mis of 0.2 m 
KOH, containing 450 mgs of (D,L) aspartic acid, were 
10 added to the THF solution. This mixture was stirred 
for one hour at room temperature. 

The organic solvent was flashed off and the 
reaction mixture was checJced by silica TLC. Benzene/ 
methanol/38% formic acid (8 • 5/1. 5/0. 13) was used to 
15 develop the chromatogram. 

After checking for product, the pH of the mix- 
ture was adjusted to 7.5-8.0 and the solution was 
placed on a reverse phase (C-18 silica) column 2.5 x 
30 cm. The reaction mixture was resolved using a linear 
20 gradient of 40/80% MeOH in 0.01 M KPO^ buffer pH 6.85 
(1 liter total volume) . 

The column effluent was collected via a 
fraction collector and the tube contents were pooled 
according to individual components. 
25 The methanol was flashed off and the material 

was precipitated at pH 3.0-3.5. The ppt was washed 3 
times with dilute acetic acid in H^O. The product 
v;as dried under vacuum. The yield of mono(D,L) 
aspartyl photoprotoporphyrin IX was 54 mg. The yield 
30 of di (D,L) aspartyl photoprotoporphyrin IX was 227.3 mg. 
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EXAMPLE 4 

Pi and Mono (LI asoartyl pr otoaorohvrin IX 
(mixed anhydride method) 

100 rog of protoporphyrin IX was dissolved in 
5 100 ml of P-dioxane. 210 /ul of triethylamine was 

added. After stirring 10 minutes, 50 ul of 0.2 M KOH 
containing 500 mg of (L) aspartic acid ^^as added to 
the dioxane solution. This mixture was stirred for one 
hour at room temperature. 
10 The organic solvent was flashed off and the 

reaction mixture was checked by silica TLC for product. 
Beneene/methanol/88% formic acid (8.5/1.5/0.13) was used 
to develop the chromatogram. 

After checJcing for product, the pH of the 
15 solution was adjusted to pH 7.5-8.0 and placed on a 
reverse phase (C-18 silica) column 2.5 x 30 cm. 
The reaction mixture was resolved using a linear 
gradient of 40-70% methanol in 0.01 M KPO^ buffer pH 

6.85 (1 liter total volume). 
20 The column effluent was collected via a fraction 

collector and the tube contents were pooled according 

to individual components.. 

The methanol was flashed off and the material 
was precipitated at pH 2.5-3.0. The ppt was washed 3 times 
25 with dilute acetic acid in H^O. The product was then 
dried under vacuum. The yield of mon (L) aspartyl 
protoporphyrin IX was 12.3 mg and di (L) aspartyl proto- 
porphyrin IX was 54 mg. 
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EX/V-IPLE 5 

^ nA aspartvl mosooorohvrin IX 

( mixed anhv c^ride method) 

t • TV uf^ez dissolved in 

■>00 mg of mcsoporphyrin IX was atsso 

5 100 n,! of tctrahydrofuran (T..r) . 210^1 of tricthylam.ne 
was added to the THF solution. After 10 minutes of 
stirring 210 pi ethyl chloroformate was added and ■ 

,^,tnoM KOH containing 500 mg 
stirred 10 minutes. 50 ml of 0.2 M KOH cont ^ 

of (L) aspartic acid was added to the THF solution and 
10 allowed to stir one hour at room temperature. 

The organic solvent was flashed off and the 
reaction mixture was checked for product by "Uca TLC 
using bcn=eno/methanol/88% formic acid (8.5/1.5/0.13) 

to develop the chromatogram. ^ivtu-e 
15 After checking for product, the pH of the mixture 

was adjusted to 7.5-8.0 and placed on a reverse phase 
(C-18 silica) column 2.5 k 30 cm. Th. reaction mixture 
was resolved using a linear gradient of 40-80% methanol 
in 0.01 K KPO, buffer pH 6.85 (T liter total volume). 
20 " The column effluent was collected via fraction 

collector and the tube contents weie pooled according 

to individual components. 

The methanol was flashed off and the material 

^ 1 »t \,u ■» n-"? 5 The opt was washed 3 times 
was precipitated at pH 3.0 3.b. me vi' ^ . , 

in u n The oroduct was dried 
25 with dilute acetic acid in HjO. Tne proau 

under vacuum with a yield of 41.5 mg mono (D aspartyl 

mesoporphyrin and 175.1 mg di (U aspartyl mesoporphyrin. 
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EXAMPLE 6 

...nH Mnno asojrt v i Hn.. tcrooorohv r i n IX (raised 

anhydride method) . 

100 mg dcutcroporphyrin IX was dissolved m 

5 50 ml of p-dioxanc. 210 pi of triethylamine was added 

with stirring. After 10 minutes, 210 /il of isobutyl 

jj J ^f^•l»r <5tirrinq lo minutes, 
chloroformate was added. After stirriny 

50 ml of 0.2 M KOH containing 500 mg of L aspart.c acid 
was added to the dioxane solution. This mixture was 
10 stirred for one hour at room temperature. 

The organic solvent was flashed off and the 

V. i,*^ Kv/ ciiica TLC Benzene/ 
reaction mixture was checked by silica 

• J fo ^/Ci 12) was used to 

inethanol/88% formic acid (8 . 5/1 - 5/ o. i 

develop the chromatogram. 
15 After checking for product, the pH of the 

1 7 <i-n 0 and placed on a reverse 
mixture was adjusted to 7.5-u.u ana 

phase (C-18 silica) column 2.5 x 30 cm. ^he reaction 
mixture was resolved using a linear gradient of 40-70% 
methanol in 0.01 M KPO, buffer pH 6.85 (1 liter total 

20 volume) . . ^ 

The column effluent was collected via fraction 

collector and the tube contents were pooled according 
to individual components. 

The MeOH was flashed off and the material 
25 was precipitated at pH 2.5-3.0. The ppt was washed 
3 times with dilute acetic acid in HjO. The product 
was then dried under vacuum. The yield of mono (D 
aspartyl deuteroporphyrin IX was 10 mg. 

30 
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EXAMPLE 7 

,T.> As.nrtvl n ^ ""i^^^ anhvdride_m£tj2°dL 

80 mg of pyrophcoohorbide a was dissolved in 
100 ml of tctrahydrofuran (THF) 210 /il of triethyl- 
amine was to the THF solution. After 10 ninutes of 
stir-ing. 210 ul of cthylchlorof ormate was added and 
stirred 10 minutes. 50 ml of 0.2 M KOH containing 
500 mg of (L, aspartic acid was added to the THF solution 
and allowed to stir one hour at room temperature. 

The organic solvent was flashed off and the 
reaction mixture was checked for product by "^^^^^^ 
using benzene (methanol) 88% formic acid (8.5/1.5/0.13) 
to develop the chromatogram. 

After checking for product, the pH of the 
15 mixture was adjusted to 7.5-8.0 and placed on a reverse 
phase (C-18 silica) column 2.5 x 30 cm. The reaction 
mi.xture was resolved using a linear gradient of 40-80% 
methanol in 0.01 M KOH buffer pH 6.85 (1 liter total 

The column effluent was collected via fraction 
collector and the tube contents were pooled according 

to individual components. 

The methanol was flashed off and the material 
was orecipitated at pH 3.0-3.5. The ppt was washed 3 
25 times with dilute acetic acid in H^O. The product was 
dried under vacuum to produce a yield of 62 mg (L) 
aspartyl pyropheophorbide a. 
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^ EXAflPLE 8 

...r.. tri. ar - '^^ -^^ osnartvl cooronor2hvrin_IIl 

(mixed anyd ride method) .■^^r>^^.^A 
150 mg of coproporphyrin III was dissolved 

5 in 100 ml of tetrahydrofuran (THF) . 210 /.I °J 

ethylamine was added and stirring was continued a 20 C 

210 All of ethylchloroformate was next 
for ten minutes. ^J-o A^^ "'^ ■' 

added and stirred for ten minutes. . ,n n 

50 ml of 0.2 M KOH containing 250 mg of (D,L) 
10 aspartic acid was added to the THF solution. This 

mixture was then stirred for one hour. 

The organic solvent was flashed off and tne 

^wor-VPfl bv silica TLC using the 
reaction mixture was checked by siii 

u =we«-nm- (benzene/methanol/88% formic 
following solvent system. loensc 

15 acid (8.5/4.0/0.2). a^^usted fo 

The pH of this mixture was then ad3usted to 

7 5-0.0 and chromatographed on a reverse phase (C-18 

silica)2.5x30 cm column. The reaction 

resolved using 5-50% methanol in 0.01 in KPO, buffer 

20 pH 6.85 (1 liter total volume). ^ 

The column effluent was collected via 
eouectc. .nd th, tube content, were pooled ^° 
.„a.vi.... component,. T.e 

the materiel «•= prociplteted .t pH 3 0 3.5. The PP 

25 -Shea 3 times xith dilute .cetic acid Ih weter. The 
Z5 wasnea j tii vields were as 

products were dried under vacuum and the yiel 
follows: Tetra (D.U aspartyl coproporphyrin HI 4 mg, 
Tri (D.L) aspartyl coproporphyrin III 77.2 mg. Di (D.L) 
aspartyl coproporphyrin III. 28.4 mg. 
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EXAMPLE 9 

Pi and monn fnM asoar fyl deutcrooorohvrin IX , 
(mixed anhvriride method) 

~ 175 mg (0.00195 moles) of deuteroporphyrin IX 

was dissolved in 200 ml of tctrahydrof uran (THF) . 
210 ul (0.002 moles) of triethylamine was added with 

• ..^-^ ?in \ii (0.0019 moles) of 
stirring. After 10 minutes, 210 ui lu.uu 

ethylchloroformate was added. After stirring 10 
minutes, 50 ml (0.01 moles) of 0.2 M KOH containing 
200 mg (0.003 moles) of (DL) aspartic acid was added 
droowise with stirring to the THF solution. This 
mixture was stirred 60 minutes at room temperature. 

The organic solvent was flashed off and 
the reaction mixture was checked by silica TLC 
for c'oduct. Bcnzene/mcthanol/88% formic acid 
(8.5/1.5/01.3) was used to develop the chromatogram. 

After checlcing for product, the solution 
was adjusted to pH 7.5-8.0 and placed on a reverse 
chase (C-18 silica) column 2.5 x 30 cm. The reaction 
mixture was resolved using a linear gradient of 40-65% 
methanol in 0.01 M KPO, buffer pH 6.85 (1 liter total 
volurr.e) . 

The column effluent was collected via fraction 
collector and the tube contents were pooled according 
to individual components. The order of elution was 
di (DL) aspartyl deuteroporphyrin IX, mono (DL) aspartyl 
deuteroporphyrin IX, and unsubstituted deuteroporphyrin IX 

The methanol was flashed off and the material 
was precipitated at pH 2.5-3..0. The ppt was washed 3 
30 times with dilute acetic acid in water. The product 
was dried under vacuum. 



20 



25 



35 



0168 832 



EXAJIPLE 10 



Pi and mono (PL) asoartvl hcnatoporohvr in IX (nixed 

anhydrido method) 

400 mg (0.0059 moles) of hematoporphyrin IX 
5 was dissolved in 50 ml of tetrahydrof uran (THF) . 360 /il 
(0,0034 moles) of tricthylamine was added with stirring. 
After 10 minutes, 340 /il (0.0031 moles) of ethyl- 
chloroformate was added. After stirring 10 minutes, 
10 ml (0.01 moles) of 1 M KOH containing 600 mg 
10 (0.0045 moles) of (PL) aspartic acid was added to the 
THF solution. This mixture was stirred 90 minutes at 

room temperature. 

The organic solvent was flashed off and the 
reaction mixture was chec)ced by silica TLC for product. 
15 Benzene/methanol/88% formic acid (8.5/1.5/0.13) was 
used to develop the chromatogram. 

After checking for product, the solution was 
adjusted to pH 7.5-8.0 and placed on a reverse phase 
(C-18 silica) column 2.5 x 30 cm. The reaction mixture 
20 was resolved using a linear gradient of 20-70^ methanol 
in 0.01 M KPO^ buffer pH 6,85 (1 liter total volume). 

The column effluent was collected via fraction 
collector and the tube contents were pooled according 
to individual components. The order of elution was 
25 di (PL) aspartyl hematoporphyrin IX, mono (PL) aspartyl 
henatoporphyrin IX, and unsubstituted hematoporphyrin IX 

The methanol was flashed off and the material 
was precipitated at pH 2.5-3.0. The ppt was washed 3 
times with dilute acetic acid in water. The product 
30 was dried under vacuum. 
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EXA.MPLE 11 

Pi and nono (D,L) asnartvl p rotoporphyrin IX (mixed 

anhydride method ) 

300 mg (0.00053 moles) of protoporphyrin XI 
5 was dissolved in 100 ml of tetrahydrof uran (THF) . 210 >ul 
(0.002 moles) of triethylanine was added v.-ith stirring. 
After 10 minutes, 210 >j1 (0.0019 moles) of cthylchloro- 
formate was added. After stirring 10 minutes, 50 ml 
(0.01 moles) of 0.2M KOII containing 450 mg (0.0033 moles) 
10 of (D,L) aspartic acid was added dropwise with stirring 
to the THF solution. This mixture was stirred 60 minutes 

at room temperature. 

The organic solvent was flashed off and the 
reaction mixture was checked by silica TLC for product. 
15 Benzene/methanol/88% formic acid (8.5/1.5/0.13) was used 
to develop the chromatogran. 

After checking for product, the solution was 
adjusted to pH 7.5-8.0 and placed on a reverse phase 
(C-18 silica) column 2.5x30 cm. The reaction mixture 
20 was resolved using a linear gradient of 40-65% methanol 
inO.ClHKPO^ buffer pH 6.85 (1 liter total volume). 

The column effluent was collected via a fraction 
collector and the tube contents were pooled according to 
individual components. The order of elution was di (D,L) 
25 aspartyl protoporphyrin IX, mono (D,L) aspartyl proto- 
porphyrin IX, and unsubstituted protoporphyrin IX. 

The methanol was flashed off and the material 
was precipitated at pH 2.5-3.0. The ppt was washed 3 
times with dilute acetic acid in water. The product was 
30 dried under vacuum. 
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1 EXAMPLE 12 

Mono (PL) asoartvl Dvropheoohorbide a (mixed anhydrid e method) 

100 mg (0.000187 moles), of pyropheophorbide 
a was dissolved in 100 ml of tctrahydrof uran (THF) . 

5 210 ^1 (0.002 moles) of triethylamine was added with 
stirring. After 10 miniutes, 210 /al (0.0019 moles) 
of ethylchloroformate was added. After stirring 
10 minutes, 50 ml (0.01 moles) of 0.2 M KOH containing 
200 mg (0.0015 moles) of (DL) aspartic acid was added 
10 to the THF solution. This mixture was stirred 60 minutes 

at room temperature. 

The organic solvent was flashed off and the 
reaction mixture was chec)ced by silica TLC for product. 
Benzene/methanol/88% fcrmic acid (8.5/1.5/0.13) was 
15 used to develop the chromatogram. 

After checking for product, the solution was 
adjusted to pH 7.5-8.0 and placed on a reverse phc-.se 
(C-18 silica) column 2.5 x 30 cm. The reaction mixture 
was resolved using a linear gradient of 40-80% methanol 
20 in 0.01 M XPO, buffer pH 6.85 (1 liter total volume). 

The column effluent was collected via fraction 
collector and the tube contents were pooled according to 
individual components. The order of elution was mono (DL) 
aspartyl pyropheophorbide a, and then unsubstituted 

25 pyropheophorbide. 

The methanol was flashed off and the material 
was precipitated at pH 2.5-3.0. The ppt was washed 3 
times with dilute acetic acid in water. The product 
was dried under vacuum. 

30 
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1 EXA.MPLE 13 

Pi and mono L -alDhn-aminoadipvl transmcsochlorin IX 

(mixed anhydride method) 

500 mg (0.000087 moles) of transmesochlorin IX 
5 was dissolved in 100 ml of tctrahydrof uran (TUF) . 210^1 
(0.002 moles) of triethylamine was added with stirring. 
After 10 minutes, 210 ;ul (0.0019 moles) of ethylchloro- 
formate was added. After stirring 10 minutes, 50 ml 
(0.01 moles) of 0.2 M KOII containing 250 mg (0.00155 
10 moles) of L-alpha-aminoadipic acid was added dropwise 
with stirring to the THF solution. This mixture was 
stirred 60 minutes at room temperature. 

The crganic solvent was flashed off and the 
reaction mixture was checked by £:ilica TLC for product. 
15 Bon7:ene/methanol/88% formic acid (8.5/1.5/0.13) was 
used to develop the chromatogram. 

After checlcing for product, the solution was 
adjusted to pH 7.5-8.0 and placed on a reverse phase 
(C-18 silica) column 2.5 x 30 cm. The reaction mixture 
20 was resolved using a linear gradient of 40-80% methanol 
in 0.01 M KPO^ buffer pH 6.85 (1 liter total volume). 

The column effluent was collected via fraction 
collector and the tube contents were pooled according 
to individual components. The order of elution was 
25 di L-alpha-aminoadipyl transmesochlorin IX, and 
unsubstituted transmesochlorin IX. 

The methanol was flashed off and the material 
was precipitated at pit 2.5-3.0. The ppt was washed 3 
times with dilute acetic acid in water. The product 
30 was dried under vacuum. 
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1 EXAMPLE 14 

Di and mono (D) asoar tvl nosopornhvrin IX (nixed a nhydride 

I, I I I * ■* A . - If 

method) 

200 ng (0.00035 moles of mesoporphyrin IX was 
5 dissolved in 100 ml of tetrahydrof uran (THE). 210 >ul 
(0.002 moles) of triethylamine was added with stirring. 
After 10 minutes, 210 pi (0.0019 moles) of ethylchloro- 
formate was added. After stirring 10 minutes, 50 ml 
(0.01 moles) of 0.2M KOH containing 500 mg (0.0038 moles) 
10 of (D) aspartic acid was added dropwise with stirring to 
the THE solution. This mixture was stirred 60 minutes at 
room temperature. 

The organic solvent was flashed off and the 
reaction mixture was checked by silica TLC for product. 
15 Ben2ene/methanol/88% formic acid (8.5/1.5/0.13) was 
used to develop the chromatogram. 

After checking for product, the solution was 
adjusted to pH 7.5-8.0 and placed on a reverse phase 
(C-18 silica) column 2.5x30 cm. The reaction mixture 
20 v/as resolved using a linear gradient of 40-48% methanol 
in O.OIM KPO^ buffer pH 6.85 (1 liter total volume). 

The column effluent was collected via a fraction 
collector and the tube contents were pooled according to 
individual components. The order of elution was di (D) 
25 aspartyl mesoporphyrin IX, mono (D) aspartyl mesoporphyrin 
IX, and unsubstituted mesoporphyrin IX. 

The methanol was flashed off and the material 
was precipitated at pH 2.5-3.0. The ppt was washed 3 times 
with dilute acetic acid in water. The product was dried 
30 under vacuum. 
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EXAMPLE 15 

Pi and mono (L) glutamyl mesoporphyri n IX (mix ed anhydridG 
method 

400 mg (0.007 moles) of mesoporphyrin IX was 
5 dissolved in 50 ml of tetrahydrof uran (THE). 360 /al 

(0.0035 moles) of triethylamine was added with stirring. 
After 10 minutes, 3 40 /al (0.0031 moles) ethylchloro- 
formate was added. After stirring 10 minutes, 10 ml 
(0.01 moles) of 1 M KOH containing 543 mg (0.00369 
10 moles) of (L) glutamic acid was added to the THE 
solution. Tins mixture was stirred 60 minutes at 

room temperature. 

The organic solvent was flashed off and the 
reaction mixture was checlced by siUca TLC for product. 
15 Ben2ene/methanol/88% formic acid (8.5/1.5/0.13) was 
used to develop the chromatogram. 

After checking for product, the solution wai: 
adjusted to pH 7.5-8.0 ar.d placed on a reverse phase 
(C-18 silica) column 2.5 x 30 cm. The reaction mi.^ture 
20 was resolved using a linear gradient of 25-60% methanol 
in 0.01 M KPO^ buffer pH 6.85 (1 liter total volume). 

The column effluent was collected via fraction 
collector and the tube contents were pooled according to 
individual components. The order of elution was di (L) 
25 glutamyl mesoporphyrin IX, mono (L) glutamyl mesoporphyrin 
IX, and unsubstituted mesoporphyrin IX. 

The methanol was flashed off and the material 
was precipitated at pH 2.5-3.0. The ppt was washed 3 
times with, dilute acetic acid in water. The product 
30 was dried under vacuum. 
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I EX/MIPLE 16 

Pi and mono (D) aspartyl transmesochlorin IX (mixed 
anhydride method in 1>4 dioxane) 

50 mg (0.000087 moles) of transmesochlorin IX 
5 v/as dissolved in 50 ml of 1,4 dioxane. 210 /al (0.002 moles) 
of tricthylamine was added with stirring. After 10 minutes, 
210^1 (0.0019 moles) of ethylchlorof ormate was added. 
After stirring 10 minutes, 50 ml (0.01 moles) of 0.2M KOH 
containing 500 mg (0.0038 moles) of (D) aspartic acid was 
10 added dropwise with stirring to the. THF solution. This 
mixcure was stirred 60 minutes at room temperature. 

The organic solvent was flashed off and the 
reaction mixture was checked by silica TLC for product. 
Ben2ene/methanol/88% formic acid (8.5/1.5/0.13) was used 
15 to develop the chromatogram. 

After checking for product, the solution was 
adjusted to pH 7,5-8.0 and placed on a reverse phase 
(C-18 silica) column 2.5x30 cm. The reaction mixture 
was resolved using a linear gradient of 40-80% methanol 
20 in O.OIM KPO^ buffer pH 6.85 (1 liter total volume). 

The column effluent was collected via a fraction 
collector and the tube contents were pooled according to 
individual components. The order of elution was di (D) 
aspartyl transmesochlorin IX, mono (D) aspartyl trans- 
25 mesochlorin IX, and unsubstituted transmesochlorin IX. 

The methanol was flashed off and the material 
was precipitated at pH 2.5-3.0. The ppt was washed 3 
times with dilute acetic acid in water. The product 
was dried under vacuum. 

30 
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1 EXAMPLE 17 

Pi and mono (L) aspartyl transmosochlorin IX (mixed 
anhvdride met hod in tctrahydrof uran) 

135 mg (0.00023 moles) of transnesochlorin IX 
5 was dissolved in 100 ml of tetrahydrof uran (THF) . 210 /il 
(0.002 moles) of triethylamine was added with stirring. 
After 10 minutes, 210 jal (0.0019 moles) of ethylchloro- * 
formate was added. After stirring 10 minutes, 50 ml 
(0.015 moles) of 0.3M KOH containing 750 mg (0.0056 moles) 
10 of (L) aspartic acid was added dropwise with stirring 

to the THF solution. This mixture was stirred 60 minutes 
at room temperature. 

The organic solvent was flashed off and the 
reaction mixture v/as checked by silica TLC for product. 
15 Benzene/methanol/Sat, formic acid (8.5/1-5/0.13) was used 
to develop the chromatogram. 

After checking for product, the solution was 
adjusted to pH 7.5-8.0 and placed on a reverse "phase 
(C-18 silica) column 2.5x30 cm. The reaction mixture 
20 was resolved using a linear gradient of 40-80% methanol 
in O.OIM KPO^ buffer pH 6.85 (1 liter total volume). 

The column effluent was collected via a fraction 
collector and the tube contents were pooled according to 
individual components. The order of elution was di (L) 
25 aspartyl transmesochlorin IX, mono (L) aspartyl trans- 
mesochlorin IX, and unsubstituted transmesochlorin IX. 

The methanol was flashed off and the material 
was precipitated at pH 2.5-3.0- The ppt was washed 3 times 
with dilute acetic acid in water. The product was dried 
30 under vacuum. 
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1 EXAMPLE 18 

( D, L) Ai^pgrtvlphcQohorbide a (carbodiimide method) 

55 mg pheophorbidc a was dissolved in 10 ml 
dimcthylformamide. 50 mg (D,L) aspartic acid dimethyl 

•5 ester dihydrochloride was added, then 100 mg of N|N'- 
dicyclohexyl-carbodiimide was added. The reaction 
was allowed to stand in the dark at room temperature 
for 1 hour, then 50 mg more carbodiimide was added. 
After standing for 1 additional hour, 50 mg more 

10 carbodiimide was added and the. reaction allowed 

to stand in the dark for 12 hours at room temperature. 

The rolvent was removed under vacuum and the 
product dissolved in 50 ml 1% KOH in methanol with 0.5 ml 
H-0 and allowed to stand in the dark at room temperature. 

15 The course of the hydrolysis is followed by thin 

layer chromatography (C-18 plates with solvent 75/25 
MeOH/.OlMpH 6.85 KPO^ buffer). 

v;hen hydrolysis of the ester groups is essen- 
tially complete, the reaction is terminated by addition 

20 of a few drops of glacial acetic acid. The methanol 
is removed under vacuum and the product is dissolved 
in 20 ml 0.1 M NH^OH, This solution is placed on a 
reverse phase (C-18 silica) column (1.5 cm x 30 cm). 
The clution procedure was a linear gradient from 50 to 80«. 

25 methanol in 0.01 M KPO^ buffer pH 6.85 (500 ml total volume). 

The leading green-gray band contained the 
(D,L) aspartylpheophorbide a which was collected, flash 
evaporated to remove methyl alcohol, and precipitated 
at pH 3. The precipitate was collected and washed 3 times 

30 at the centrifuge with dilute acetic acid. The yield of 
dry product was 27 mg. 
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1 EXAMPLE 19 

L-Monoaspartyl chlorin ( carbodi imidc method) 

150 mg of chlorin e^ and 250 mg of L aspartic acid 
di-t. butyl ester hydrochloride were dissolved in 20 ml 
5 of dimethyl formamide. There was made a total of 3-100 mg 
additions of N , N * -dicyclohexyl-carbodiimide at one hour 
intervals. After 4 hours, the reaction mixture was 
diluted with 300 ml ether, washed twice with 200 ml 
then extracted with 40 ml 1 M KOH. The KOH solution was 
^0 allowed to hydrolyze overnight, then heated to 70**C. for 

10 minutes. 

The pH of the solution was adjusted to 7, 
then any residual ether was removed by flash evaporation. 
The solution was then applied to a reverse phase (C-18 
^5 silica) column (1.5 cm x 30 cm) . The product was purified 
by a stepwise elution of methanol/. 01 M pH 6.85 KPO^ 
buffer. Eluted with 5% methanol until unwanted polar 
pigments were removed. Monoaspartyl chlorin was eluted 
off with 6-8% methanol, and unreacted chlorin e^ was 
20 removed with 25% methanol. 

The product was precipitated at pH 3 after 
flash evaporating briefly to remove methanol, then 
washed at the centrifuge 3 times with dilute acetic acid. 

The product was dried under vacuum. Yield 
25 of L-monoaspartylchlorin e^ was 50 mg. 
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EX.MIPLC 2 0 

L Glutamvl chlorin c, (carbodiimidc method) 
f — - — 



110 ng chlorin and 220 nig L-glutamic acid 
dimethyl ester hydrochloride were dissolved in 15 ml 
5 of dimethyl formamidc. 85 mg of N , N ' -dicyclohexyl 
carbodiimide was then added, and the solution stirred 
for 1 hour at room temperature. 4 2 mg more carbodiimide 
was then added, then 50 mg of carbodiimide was added at 
1 hour intervals for two more additions- The reaction- 
10 mixture v/as then allowed to stand for 12 hours, one more 
50 mg carbodiimide addition was made, and the reaction 
allowed to stand for 3 hours. Progress of the reaction 
v;as followed by reverse phase thin layer chromatography 
80% methanol, 20% KPO^ buffer (.OlM pH 6.85). A further 
15 addition of 50 mg of carbodiimide, v;ith standing, showed 
no further product formation. 

200 ml of ether was added to the reaction mixture, 
and the ether solution was washed 4 times with water, 
approximately 100 ml per wash. The ether was then removed 
20 by flash evaporation, and the product was dissolved in 
approximately 25 ml of 3N Hcl. After 4 8 hours at room 
temperature, the solution was adjusted to pH3 v/ith NH^OH, 
and the precipitate xvas collected and washed at the 
centrifuge. The product was dissolved in 20% methanol/ 
25 water v;ith a little NH^OH, and applied to a reverse 
phase (C-18 silica) column (1.5x30 cm). Elution was 
continued v;ith 20% MeOH, KPO^ buffer (O.OIM pH 6.S5). 
This removed the product (L-Glutamyl chlorin c^). The 
methanol concentration was increased to remove the un- 
reacted chlorin e^. 

The solution was flash evaporated until the 
methanol v;as substantially removed, then the products 
v;ere precipitated at pH3 by addition of Hcl, collected and 
washed at the centrifuge with dilute acetic acid and dried 
35 under vacuum. Yield of mono-L-glutamyl chlorin 21 mg. 
Yield of recovered chlorin e^ 59 mg. 
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EXAMPLE 21 

L-Monoglutamyl chlorin (ca rbodiimide method) 

130 mg of chlorin and 260 mg L glutamic 
acid dimethyl ester hydrochloride was dissolved in 18 mi 
of dimcthylformamide. 100 mg of N, N ' -dicyclohexyl- 
carbodiimide was added and the reaction mixture stirred 
for 1 hour. 50 mg more carbodiimide was then added. 
After 1 hour, the reaction mixture appeared to contain 
75-80% of the monosubsti tuted product by reverse phase 
TLC (C-18 plates with 70% MeOH, 30% .01 M KPO^ pH 6.85). 
200 ml Diethyl ether was added, washed twice with 100 ml HjO, 
then extracted with 30 ml 1 M KOH. 

The product was allowed to* hydrolyze in the 
darlc in the KOH solution for 12 hours, then was heated 
to 70*C for 10 minutes, to complete the hydrolysis of 
the ester groups. The product was then separated by 
reverse phase column chromatography (C-18 reverse phase 
silica 1.5 cm x 30 cm), using stepwise gradient elution 
with methanol in buffer .01 M KPO^ pH 6.85. 5% Methanol 
removed polar impurities. The monoglutamyl chlorin 
was eluted with 6-8% methanol. Chlorin e^ was eluted 
off the column with 25% methanol. The methanol was removed 
by flash evaporation and the L-monoaspartyl chlorin 
was precipitated at pH 3, collected and washed 3 times 
^5 at the centrifuge with dilute acetic acid, and dried 
under vacuum. Yield 40 mg. 
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EXAMPLE 2 2 

Mono and Di (L) Aspartyl Chlorin Carbodiimide Method) 

400 mg of chlorin and 1 g of L-aspartic 
acid dibenzyl ester p-tosylate were dissolved in 75 ml 
of dimethyl formamide. Temperature of the solution was 
maintained at 65-70**C. with stirring and 100 mg of 
N, N ' -dicyclohexyl carbodiimide was added. (A total 
of 3 additions were made at 2 hour intervals) . The 
solution was allowed to stir at this tmperature for a 
total of 20 hrs., then checked by TLC (reverse phase) 
(C-18 silica) plate, 70% methanol, 30% .01 M pH 6.85 
KPO^ buffer. The TLC showed greater than 50% monosub- 
stitution with some di-substitution. 

150 ml of ether was added, and agitated with 
100 ml of water and several drops of glacial acetic 
acid . The ether phase was separated and the aqueous 
phase extracted several more times with 100 ml of ether. 
The ether extracts were combined and washed with water 
(100 ml ) four times to remove dimethyl formamide . 

The aspartyl chlorin esters were then extracted 
into 100 ml of 1 M KOH (4 extractions of 25 ml each) . 
The KOH solution was allowed to stand at ambient tem- 
perature for 24 hours to hydrolyze. The components 
were separated by neutralizing the solution of pH 7 
and applying to a reverse phase (C-18 silica) column 
(1.5 cm X 30 cm). The elution was performed using a 1 
liter gradient of 30 % methanol to 80% methanol with 
0.1 M pH 6.85 KPO^ buffer. Fractions were collected and 
characterized by TLC. The order of elution was di (L) 
diaspartyl chlorin e^, L-monoasparty 1 chlorin e^ and 



35 



0 1 68 832 



chlorin c- . Methanol was removed was flash evaporation 
o 

and the individual components precipitated at pH 3, 
using HCl. 

The products were collected by centrif ugation, 
washed several times with very dilute acetic acid and 
drived under vacuum. Yield was 23.8 mg. 
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1 Physical choractcristics of representative 

compounds (relative polarity) is measured by a standard 
chromatographic system. 



TLC Pljto Dokcr Si-Cl6 20 xxs particle size 200 m coating thickness 
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Ccnpound 



75\ nnhanol 
Derivative 



2St 



0.01 M Vro, txifrcr pH 6.85 



Oj.JuutU 



Derivative 



f*iCsoporph>Tin IX 



.32 

nono(D,Uospartyl .53 

di(D,Uaspartyl .67 

di (D)aspartyl .66 

nono ( Mas port yl .SS 

di(UAsoartyl .66 

nDno(0,Uglut2snyl .SS 

di(O.Uglut«Tiyl .72 



Trans-mesochlorin IX - .28 

nono (D) asportyl . S2 

di{D)aspartyl .64 
** rono(L) asportyl .53 

di (U asportyl .64 

.78 

nono(D«Uaspartyl .68 
di(D,Ua«p^irtyl .89 

.66 



HonatoporphvTin IX 



Oilorin e. 



nDro(L) asportyl 
di (L) asportyl 
rDno(U9lutanT>'l 



Oilorin c . 



Tnono(Uglutamyl 



.77 
.84 
,79 
.57 
,74 



Trans-rosochlorln IX 



di(D.U asportyl .67 



Trans-wesochlorin IX 

nonotUglutomyl .54 

* di tUglutaiTTj'l .72 
dcuteroporrhxTin IX - ,55 

* rono (D, LJ asportyl . 75 
** di (D,L) asportyl .65 
" mono (L) asportyl .75 

di{L) asportyl .84 

protoporpIiiTin IX - ,33 

* rono (U asportyl .56 

" di(L) asportyl ,73 

p:'Ctoprotopcrch\Tin IX - .58 
(isoror nuxturc) 

" ronoO,L) asportyl ,73 

di(0»Uas?artyl .65 

mono (LI asportyl ,76 

di (L) asportyl .85 

pyiopheophorbide a - .07 

(C,U asportyl .22 

(Uosportyl .23 

Mesoporph>Tin IX 

** di (Uglutonyl .63 

mono(Llgluta.xyl ,55 

prctoporphixin IX 

di(O.U^-portyl ,70 

" mono (D, Uosportyl .57 

Coproporphyrin III .91 

" nono(0« LI asportyl ,92 

*• di (D, LI asportyl . 93 

tri(0* LI asportyl , 95 

tetra(D,L) asportyl .97 
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The visible absorption spectrum in pyridine 
for all of the aminodicarboxylic acid derivatives are 
identical to the parent porphyrin, chlorin or bactcriochlorin 
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The preparation of pharmacological dosages for the 
1 administration of the active ingredient, that is the amino 
acid porphyrin adducts, which were prepared in Examples 1-22 
hereinabove, is as follows: 

5 EXAMPLE 23 

A tablet base was prepared by blending the 
following ingredient in the proportion by weight indicated: 



Grams 

10 Sucrose, USP 80.3 

Tapioca Starch 13.2 
Magnesium Stearate 4.4 

Into this base, there was blended sufficient amino 
15 acid porphyrin adducts to provide tablets each containing 
100 mg. of active indgredient. 



EXAMPLE 24 

A blend was prepared containing the following 
20 ingredients: 





Grams 


Calcium phosphate 


17.6 


Dicalcium phosphate 


18.8 


Magnesium trisilicate, USP 


5.2 


Lactose, U.S. P. 


5.2 


Potato Starch 


5.2 


Magnesium Stearate A 


0.8 


Magnesium Stearate B 


0.32 


Porphyrin Amino Acid Adducts 


20 



30 

This blend was divided and formed into capsules each 
containing 25 mg of active ingredient. 
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EXAMPLE 25 

1 TO a commercially available raspberry flavored 

sugar syrup is added to the equivalent of 40 mg of the amino 
acid porphyrin adduct per milliliter and the mixture is 
homogenized in a mechanical device for this purpose. This 

5 mixture is especially suitable for oral administration 
containing 200 mg of the active ingredient, 

EXAMPLE 26 

A sterile solution of the following composition is 
10 prepared: 200 mg of the sodium salt of the amino acid 
porphyrin adduct is dissolved in a 0.9% NaCl solution so 
that the final concentration is 20 mg/ml. 

This solution is suitable for I.V. and I.M. 

administration . 

15 

EXAI-IPLE 27 

The sodium salt of the amino acid porphyrin adduct 
is dissolved in 0.9% NaCl solution so that the final 
concentration is 5 mg/ml. This is place in an aerosal 
20 dispenser with a hydrocarbon propellant. This preparation 
is suitable for topical application. 



EXAMPLE 28 

PREPAP7VTI0N OF A METAL SALT 
25 The sodium salt of the porphyrin amino acid adduct 

is prepared by dissolving said adduct in water containing an 
equimolar amount of sodium hydroxide and freeze drying the 

resulting mixture. 

In this fashion, other metal salts are prepared 

30 including potassium, calcium, and lithium salts. 

PREPARATION OF AN ACID SALT 

The amino acid porphyrin adduct described in the 
preceding examples are converted to acid salts, e.g., hydro- 
35 chloride, by dissolving in an aqueous solution containing 
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an equivalent amount of acid, e.g., hydrochloric acid, and 
1 the solution is evaporated to dryness to obtain the. solid 
salt. Alternately, alcoholic solutions of hydrogen chloride 
gas, dissolved in ethanol can be used in lieu of the aqueous 
acid solution and the acid salt is obtained by evaporation 
5 of the solvent or crystallization from the alcohol, e.g., by 
addition of a non-solvent. 
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The 1 ollowing i:rotocols descr ibc t l.i- proci^dure 
for the utilization of these new compounds of the present 
invention in the treatment of rat tumors. 

lxampll; 29 

The photodynamic therapy experiments have been 
carried out using the compound mono- (L)-aspartyl chlorin e^. 
Two transplantable tumor lines in Buffalo rats have been used, 
Morris Hepatoma 7777 and Morris Hepatoma 5123 tc. The tumors 
were transplanted subcutaneously on the outside of the thigh. 
During treatment, the tumors ranged in size between 1 and 2 . 5 cm 
in diameter. 

The general treatment regime is as follows. The 
rats are injected with a solution of the chlorin prepared 
as follows: 20 mg of the sodium salt of the chlorin was 
dissolved in 1 ml of 0.9% NaCl. The chlorin solution , was 
then injected intravenously through the external jugular 
while the rat was anesthetized v;ith ether. The volume of 
solution injected was calculated based upon the weight of 
the animal and the dosage, on a weight to weight basis, for the 
particular experiment. A specified time interval was then 
allowed to elapse before light treatment was instigated. 

Light treatment of the rats was without anesthesia. 
The rats were restrained, the hair removed in the treatment 
area and treated with laser light from a Cooper Aurora argon 
pumped, tunable dye laser. 

The laser was equipped with a fiber optic light 
delivery system coupled to a microlens system developed by 
Dr. Daniel Doiron, D.R.D. Consulting^ Santa Barbara, 
California. 

The lens disperses the laser beam, providing a 
circular distribution of ligHt with homogenous light intensity 
throughout the area of the incident light beam. The wave- 
length of light was adjusted using a Hartridge reversion 
spectroscope. The light intensity was determined using a 
Yeilov; Springs Instrument, Model 65A, radiometer. 
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The micro lens was positioned at such a distance 
fron the shin of the animal so as to provide an illunination 
diameter of 1.5cm, and the light flux was varied by control 
of the laser output. 

Subsequent to illunination, the animal was returned 

* 

to its cage and, 24 hours later, it was treated intravenously 
in the external jugular vein with 14 mg of Evans Blue dye, 
dissolved in 250 //I of 0.9% NaCl. Two hours after injection, 
the rat was sacrificed and the tumor cross-sectioned. The 

* ■ 
■ 

extent of tumor necrosis was assessed by the lack of dye 
uptake- and the depth of the necrotic -cross section of 

the tumor was recorded in millimeters. 

.Table II summarizes the effects of these drugs 
on tumors and includes a range of wavelengths, dosages, in- 
tensities, and time intervals for treatment . This has been 
necessary, in order to attempt to establish the optimal 
conditions for phototherapy utilizing this new drug. ' The 
conditions described result in measurable and significant 
damage to the tumors. 

In all cases except where noted, tissue damage 
occurred selectively to the tumor tissue as assayed by the 
Evans Blue method, even though, in nearly all cases, normal 
skin overlayed the tumor and the treatment area overlapped 
significant areas of normal muscle tissue. 



(1) M.C. Berenbaum, Br. J. Cancer 45: 571(1982) 
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The photodynamic therapy date is presented in tab- 
ular form. Column No. 2 is the total light dose administered 
in terms of Joules per square centimeter. Column No. 3 is 
the dose of mono (L) aspartyl chlprin e^ administered in terms of 
mg of drug per kilogram of rat body weight. Column No. 4 is the 
time lapse between administration of drug and treatment with' 
laser light. Column No. 5 is the wavelength of treatment 
light in nanometers. Column No. 6 is the intensity of the 
treatment light in milliwatts per square centimeter. In 
column No. 7, x is the mean depth of necrosis in millimeters 
of the tumor tissue, i.e., the distance from the necrotic 
top of the tumor next to the skin to the necrotic edge of 
the tumor most distant from the skirt. 

S.D. is the standard deviation of x. 

(N) is the number of tumors or legs involved in the 
experiment. 

Column No. 8 is the range of depth of necrosis in 
millimeters within the group. 
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range 
s . d . ( n ) tnm 



2.8 4 1.6 

2.8 + 1.0 

2.9 4 1.1 
4.6 + 1.9 
3.6 T 1.4 
5.9 + 2.4 
7.5 T 4.2 
4,1 + 1.3 
5.4 ♦ 1.9 

5.4 + 1.6 
4.0 

4.5 + 0.7 
4.5 + 0.7 

Damage Mon 
4.0 + 1.2 
3.8 T 1.2 

Damage Mon 
5.0 

+ 0.8 



4- 1.0 



4.8 
4.0 
2.7 
2.0 
4.9 
4.3 
4.1 
3.2 
4.4 
3.0 

No effect 
No effect 



(10) 1-6 

(3) 2-4 

(5) 1.5-4.5 
(7) 2.5-8 

(6) 1-6 

(7) 2.5-9 
(2) 4.5-10.5 
(17) 2-6 

(8) 2-7.5 
(29) 2.5-11 
(2) 

(2) 4-5 
(2) 4-5 
Specific (3) 

(4) 3-5 
(6) 2-5 

Specific (5) 
(2) 

3.5-6 



+ 
+ 
T 
T 
T 



1.0 
1.1 
1.3 
0.3 
1.0 



(6) 
(1) 

(7) 1-4 
(2) 

(8) 3.5-4 

(3) 2.5-6 2/10^' 

(4) 3-6 1/5^' 
3-3.5 4/7'> 
3.5-5.5 



(3) 
(4) 

(1) 
(9) 
(8) 



^•No effect 



Control Rats: No Tumor 



24 hr Evaluation: 5 showed some increased dye uptake in the 
skin at point of treatment. 

20 20 24 665 100 

24 hr Evaluation: 6 showed some increased dye uptake m the 

skin at point of treatment. 

10 20 24 665 100. 

14 day Evaluation: none showed signs of skin or tumor ...... 

and hair had regrown normally. 

20 20 24 665 100 . 

14 Evaluation: one leg of one animal showed some sign of 
muscle necrosis. Skin appeared normal and hair rogrew normally 

on all animals , 
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PPT Experiments with Mice and trono-L-Asparty 1 Chlorln 
PDT with the mono-L-asparty 1 chlorin e^ 
tctrasodium salt was evaluated in another animal/tumor model 
svstem. 

The tumor, SMT-F, was transplanted subcutancously 
into the shoulder/rib area (one side only) of DBA/2 Ha ROS D+ 
Ha mice. The treatment regime was started when the tumors 
had reached a dimension of approximately 1 . 5 - 2 cm long by 1 
cm wide and 0.7 to 1 cm deep, (approximately 7 to 8 days 
after transplant) . The drug was administered through 
intraperitoneal in jection at a concentration of 4 mg/ml. 
Specific parameters and results are listed in the following 
table. The evaluation was done 24 hours after light 
treatment using the vital stain Evans Blue in a procedure 
similar to that which was used for evaluating tumor necrosis 
in zhe Buffalo rats, the only difference being the 
intraperitoneal injection of the dye at a dose of 5 mg per 
mouse. The headings of each column are the same as the rat 
system. 

Jollies/ Drug Dose Time in Hrs Wave- IntensUy 5? s.d. (n) D 
cm mg/kg btwn drug length mW/cm (mm) (mm) 
I light nm _ 

UO 40 24 665 100 6.6- 2.6 7 10.3 



No indication of necrosis of normal tissue (muscle or skin) 

was observed. 

Similar results are obtained when the compounds in 
Examples 1-22 are administered to a similarly pretreated 
mice. 
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PPT Experiments with Kats and nono-L-Glutamyl Chlorin 

1 Buffalo rats with Morris Hepatoma 7777 

transplanted subcutaneously on the outside of each hind leg 

were subjected to photodynamic therapy, using mono-L-glutamyl 

chlorin e^ tetrasodium salt as the drug. 
6 

5 The experimental procedure was the same as is 

employed for testing of the mono-L-aspartyl chlorin e^. 
Specific parameters and results are listed in. the table 
below. 

No visible damage - as assessed by the Evans Blue 
10 method - to the overlying skin or normal muscle tissue 
surrounding the tumor was observed, although the 1,5 cm 
diameter area of light treatment overlapped normal tissue in 

several cases , 

Column No. 1 is the total light dose administered 

15 in terms of Joule55 per square centimeter. Column No. 2 is 
the dose of chlorin administered in terms of mg of drug per 
kilogram of rat body weight. Column No. 3 is the time lapse 
between administration of drug, and treatment with laser 
light. Column No. 4 is the wavelength of treatment light in 

20 nanometers. Column No. 5 is the intensity of the treatment 
light in milliwatts, per square centimeter. In Column No. 
6, X is the mean depth of necrosis in millimeters of the 
tumor tissue, i.e., the distance from the necrotic top of 
the tumor next to the skin to the necrotic edge of the tumor 

25 most distant from the skin. s.d. is the standard deviation 
of X, (n) is the number of tumors or legs involved in the 
experiment. D is the mean diameter of tumor necrosis 
with the following s.d. the standard deviation for D. 

Joulcs/cm^ Drug Dose Time in Hrs Wave- Intensify X s.d. (n) D 
20 mg/kg btwn drug length mV//cm (mm) (mm) 

C light nm 



20 



20 24 665 100 3.M- L3 17 9.6- 



Similar results are obtained when Compounds 1-22 
35 of the preceding examples are administered to similarly 
pretrcated rats. 
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PDT EXPERIMENTS WITH MICE AND MONO-L-ASPART YL CHLORIN 



The SMT-F tumor in DDA/2 Ha ROS Ha mouse system was used to 
evaluate the pholodynomic effect of mono-L-glulamyl chlorin telrasodium salt 

The protocol is the same as the experiment involving mono - L - aspartyl 
chlorin e. , and the column headings arc the same as those used in this system 
and — the rat system. 



Joules/ Drug Dose Time in Hrs Wave- 
2 blwn drug length 

e lic^ht nm 



cm 



mg/kg 



Intensity s.d.* (n) 5 s.d. 
mW/cm^ (mm) l^^n) 



^0 



HO 



2U 



665 



100 



7.9 - 2.9 8 13.9 -3.5 



* A ninth mouse showed no response and was not included in the above 
statistical analysis. This Is because of the possibility that drug was injected into 
the gut instead of the peritoneum. 
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^ EXAMPLE 3 3 • 

Human cells (HeLa, strain D98/AH2) were incubated 

2 

in 25 cm plastic culture flasks for 24 h to permit attachment. 
They were then rinsed, incubated for 10 minute periods in 
Ham's F-12 medium containing porphyrins, rinsed again in 
!Iam's F-12 medium without porphyrins for 5 minutes, then 
illuminated for various periods, and cultured at 37**C in 
complete medium for 24 h. Cell counts were then made using a 
phase contrast microscope of the fraction of the surviving 
cells. The broad band incandescent light source used was 
adjusted to give an incident light intensity of 5 x 10^ erg 
cm " sec . A positioning device permitted illuminating each 
of five areas of a flask for different times; one area was 
not illuminated and served as a dark control. This gave a 
four light dose survival curve from a single flask; the 
technique is thus suitable for the rapid and economical 
screening of large numbers of potential photosensitizing 
agents. The results of this experiment are shown in Table 
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TABIC III CON'T 

Hcla CELL STUDIES 

Pci Ccr.t of Cells Surviving 26 hrs. after 

Illuminotion. • 

Hcnod of Illumination vmin.) 
0 0.33 0.73 l.S 3.0 3.0 

Di aspartyl mesoporphyrin IX 100 100 100 98 5 0 

Aspartyl pyropheophorbide a 100 100 0 0 0 0 

Aspartyl pyropheophorbide £ 
(same solution as above, 

kept in refrigerator) 100 100 0 0 0 0 

Two tenths ml of 4x10"^ M solution (or suspension) of the 
sensitizer were mixed with 1.8 ml of Hcim's medium for the 
experiments - thus the cells were treated with 4x10"^ M of 
sensitizer. The cells were incubated for 10 minutes in the 
presence of sensitizer, then washed for 5 minutes in Ham's 
without sensitizer and then illuminated in Ham*s for the 
time indicated. 



Sensitizer 
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SCREENING OF PORPHYRIN FLUORESCENCE AS A 
FUNCTION OF MOLECULAR STRUCTURE 



10 



15 



20 



25 



30 



35 



ivo transplantable tumor lines in Buffalo rats were 
used, Morris Hepatoma 7777 and Morris Hepatoma 5123tc, The 
tumors were transplanted intramuscularly on the rear of the 
thigh of the rats. After 10-14 days, when the tumors reached 
the appropriate size, 2 mg (0.5 ml) of an amino acid porphyrin 
adduct solution were introduced intraperitoneally into the 
rats. The amino acid porphyrin adduct solution was prepared 
as follov/s: 4 mg of the amino acid porphyrin was dissolved 
in 0.1 M NaOH and adjusted to physiological pH with 1 M HCl. 

The rats were killed 24 hours after the injection. 
The tumor was bisected in situ . The porphyrin fluorescence 
was determined under a constant intensity UV light source. 

Tables IV, V, VI and VII list the porphyrin derivatives 
tested. The compounds are grouped alphabetically. 

Following the name of the porphyrin is a number 
that indicates the total number of tumors examined. The next 
column of figures (A) is a number calculated as follows: the 
porphyrin fluorescence within the tumor was ranked visually 
by one person under a constant intensity U.V. light source 
according to the scale 0, +H, 1/ 2, 3, 4. This number was 
then multiplied by the percent of the tumor demonstrating 
this fluorescence, i.e. (80%) + ( + 1) (10%) = 50. More 

often than not, the A value in the table represent averages 
obtained in several series of separate experiments conducted 
at different times. 

The "C value" for each tumor is the "A value" for 
that tumor divided by the average diameter of the tumor, in 
cm. 

A time study of 12-72 hours was also conducted on 
some of the tumors. The procedure is the same as above, 
except 1 mg of the amino acid adduct was utilized. The 
results are also indicated in Table IV. 
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CLAIMS 

1. A process for preparing a porphyrin 
amino acid adduct which comprises reacting an amino 
dicarboxylic acid with a tetrapyrrole containing 
at least one carboxy group in a suitable solvent to 
form a compound of the structure: 




N 
I 

H 




- X 



wherein Z is the aminodicarboxylic acid residue less 
the amino group and X is the tetrapyrrole residue less 
the carboxy group and "n" is an integer from 1 to 4 
inclusive, and optionally converting the product to a 
salt thereof. 

2. The process according to Claim 1 
wherein the amino acid is an alpha aminodicarboxylic 
acid, 

3, The process according to Claim 1 
wherein the tetrapyrrole has the formula: 



25 



30 



UH 



- R 



8 



35 
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or the corresponding di- or tetrahydrotetrapyrroles 
wherein 



is methyl; 



C -CH 



or 



C-CH,; 



is H, vinyl, ethyl, -CKCH^, acety 



H 
I 

-C=0, CH2CH2CO2H, or 



I 

OH 



thyl, 



CHCHO; 



10 



15 



SO 



25 



30 



R. is me thy 




or 



r-cH3 

C -OH ; 



is H, vinyl, ethyl, -CHCH3 

OH, 

CHjCH^CO^H, =CHCHO; or (T'-H 

^ -ethyl; 

R^ is methyl; 

Rg is H, CHjCHjCOjH, CH^CHjCOjR or CO^H; 
R^ is CHjCHjCOjH, CHjCHjCOjR, or C-CH 
Rg is methyl or C-CH^ k""? 

R^ is H, COOH, CHjCOOH or methyl; 

provided that when R^, R2 / R3 # R^r R^ and Rg represent 
two substituents or are divalent and attached to the seime 
carbon, the respective pyrrole ring to which attached is a 
dihydropyrrole ; 



-CHjCHjCOjH 



R is lower alkyl or benzyl; 



-C=0 
I 



-C=0 
I 



Rg and R^, taken together are -CH2 or -CHCOjCH^ 
with the proviso that at least one of R^ - Rg includes a 
free carboxyl group; and optionally converting the product 
to a salt thereof. 
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1 4. The process according to Claim 1 

wherein the tetrapyrrole has the formula: 



10 



15 



IV 



8 S 



■ * 



WH 



\ 



N 



or the corresponding di- or tetrahydrotetrapyrroles 
wherein 



20 



25 



30 



is methyl; ^-H 

C -CH 



or 



C.-CH.; 



I 



\^ is vinyl, ethyl, -CHCH^* acetyl 

OH 



-C=0, CH2CH2CO2H, or «CHCHO; 

is methyl ^-H ^"^"3 



is H, vinyl, ethyl, -CHCH^ 

OH, 



CH2CH2CO2H, =CHCHO; or 




ethyl ; 



• C-H 

C-ethyl, 
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1 5. The process according to Claim 4 

wherein the tetrapyrrole is a porphyrin, a chlorin or 
a bacteriochlorin . 

5 6, The process according to Claim 4 

wherein the amino acid is an alpha aminodicarboxylic 
acid, an aspartic acid or a glutamic acid. 

7. The process according to Claim 1 wherein 
10 the porphyrin amino acid adduct is selected from the 

group monoaspartyl transmesochlor in IX, diaspartyl trans- 

mesochlorin IX, monoglutamyl transmesochlorin IX, 
diglutamyl trans mesochlorin IX , monoaspartyl chlorin e^, 
15 triaspartyl chlorin e^, monoglutamyl chlorin e^, 
diglutamyl protoporphyrin IX, monoaspartyl meso- 
chlorin e^ , monoglutamyl protoporphyrin IX, 

20 monoaspartyl meso porphyrin IX, diaspartyl meso- 
porphyrin IX, diglutamyl mesoporphyrin IX, 
diaspartyl protoporphyrin IX, monoaspartylbacterio- 

chlorin e^, diaspartyl deutero porphyrin IX, 
4 ' 

25 monoaspartyl deutero porphyrin IX^ monoglutamylbacteriois- 
chlorin e^, diglutamyl deutero porphyrin IX, 
mono- or diaspartyl photoprotoporphyrin IX, 
mono- or diglutamyl photoprotoporphyrin IX, 

30 mono-, di-, tri- or tetraglutamyl coporphyrin III, 
mono- or diaspartyl hematoporphyrin IX, 
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mono- or diglutamyl hematoporphyrin IX, 
mono- or diglutamyl chlorin , mono- or 
diglutamyl mesochlorin e^, mono- or diaspartyl 
chlorin and monoglutamyl deuteroporphyrin IX, 



.8, A therapeutic composition for detection and/or 
treatment of mammalian tumors which comprises a fluorescent 
mono- or polyamide of an . aminodicarboxy lie acid and a 
tetrapyrrole containing at least one carboxy group of the 
structure : 



- X 




wherein 2 is the aminodicarboxylic acid residue less the 
amino group and X is the tetrapyrrole residue less the 
carboxy group and "n" is an integer from 1 to 4 inclusive, 
and a pharmaceutical carrier therefor. 

9. The therapeutic composition according to 
Claim 1 wherein the amino acid is an alpha aminodicarboxylic 
acid. 

10. A therapeutic composition according to 
claim 6 which comprises a fluorescent 

mono- or polyamide of an aminodicarboxylic acid and a 
tetrapyrrole compound of the formula: 



HK 



N 



8 



4 
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10 



15 



20 



25 



30 



or the corresponding di- or tetrahydrotetrapyrroles 
wherein 

is methyl; C-H ^-OH 



2 is H, vinyl, ethyl, -CHCH^, acetyl 

OH 



H 

"C=0, CH2CH2CO2H, or =CHCHO; 



thyl 




r-cH3 

C-OH; 



is H, vinyl, ethyl, -CHCH3 

OH, 



CHjCHjCOjH, =CHCHO; or <^ -H 



-ethyl; 
R^ is methyl; 

Rg is H, CH2CH2CO2H, CH2CH2CO2R or CO2H; 
R^ is CH2CH2CO2H, CH2CH2CO2R, or C-CH 
Rg is methyl or C-CH3 C""' 



-CH2CH2CO2H 



R^ is H, COOH, CH2COOH or methyl; 

provided that when R^^, ^37 ^4' ^7 ^8 ^^P^®^^"^ 

substituents or are divalent and attached to the same carbon, 
the respective pyrrole ring to which attached is a dihydro- 
pyrrole; 

R is lower alkyl or benzyl; -C=0 -C=0 

I I 

Rg and R^, taken together are -CHj or -CHCOjCH^ 
with the proviso that at least one of R^^-R^ includes a free 
carboxyl group; and salts thereof, and a pharmaceutical ly 
acceptable carrier therefor. 
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11. A therapeutic composition according 
to claim 8 which comprises a fluorescent 

Mono- or polyamide of an aminodicarboxylic acid and 
fluorescent tetrapyrrole compound of the formula: 



1\ 



8 \ 



/3 



NH 



HU 



N 



^ ^5 

or the corresponding di- or tetrahydrotetrapyrroles 
wherein 



Rjj^ is methyl; 



C-CH 



or 



^-OH 



H 
I 



;2 is H, vinyl, ethyl, -CHCH^, acetyl 

OH 



thyl, 



-C=0, CHjCHjCOjH, or «CHCHO; 



is methyl 




or 



CH 



r-cH3 

d-OH; 



is H, vinyl, ethyl, -CHCH^ 

OH, 



CH2CH2CO2H, «=CHCHO; or 



-H 

-ethyl ? 
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is methyl; 

is H, CH2CH2CO2H, CHjCHjCOjR or COjH; 
R^ is CH2CH2CO2H, CH2CH2CO2R/ or C-CH2CH2CO2H 
Rg is methyl or C-CH^ Q^-H; 



Rg is H, COOH, CHjCOOH or methyl; 
provided that when R^r R2# R^r R^ # R7 ^^nd R3 represent two 
substituents or are divalent and attached to the same carbon, 
the respective pyrrole ring to which attached is a dihydro- 
10 pyrrole; 

R is lower alkyl or benzyl; -C=0 -C=0 
Rg and R^ . taken together are -CH2 or -CHCOjCH^ 
with the proviso that at least one of R]l"^9 ^"^ludes a free 
carboxyl group; and salts thereof, and a pharmaceutically 
15 acceptable carrier therefor. 

12. The therapeutic composition according to 
Claim 11 wherein the tetrapyrrole is a porphyrin, a 
chlorin or a bacteriochlorin . 

20 

13. The therapeutic composition according to 
Claim 7 wherein the amino acid is an alpha aminodi- 
carboxylic acid, an aspartic acid or an glutamic acid. 

25 14. The therapeutic composition according to 

Claim 11 wherein the amide is selected from the group 
of Claim 7. 

15. Use of a compound as described in Claims 8 
30 to 14 for the preparation of a therapeutic composition 
for detecting and/or treatment of mammalian tumors. 
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. . CLAIMS 

1. A process for preparing a porphyrin 
amino acid adduct which comprises reacting an amino 
dicarboxylic acid with a tetrapyrrole containing 
at least one carboxy group in a suitable solvent to 
form a compound of the structure : 



10 



15 



20 




N 
I 

H 




- X 



wherein 2 is the aminodicarboxylic acid residue less 
the amino group and X is the tetrapyrrole residue less 
the carboxy group and "n" is an integer from 1 to 4 
inclusive, and optionally converting the product to a 
salt thereof. 

2. The process according to Claim 1 
wherein the amino acid is an alpha aminodicarboxylic 
acid . 

3. The process according to Claim 1 
wherein the tetrapyrrole has the formula: 



25 



30 



HU 




8 



35 
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or the corresponding di- or tetrahydrotctrapyrroles 
wherein 

is methyl; ^-H ^-OH 

C -CH, C-CH,; 



3 

is H, vinyl, ethyl, -CHCH^, acety 

H OH C-ethyl, 

I 

-C=0, CHjCHjCOjH, or =CHCHO; 



is methyl 




or 



is H, vinyl, ethyl, -CHCH^ 



OH, 

CKjCHjCOjH, =CHCHO; or ^ 




R^ is methyl; 

Rg is H, CH2CH2CO2H, CK2CH2CO2R or CO2H; 
R^ is CHjCHjCOjH, CH2CH2CO2R/ or C-CH2CH2CO2H 
g is methyl or C'CH^ ^ -H; 



R 



Rg is H, COOK, CH2COOH or methyl; 

provided that when R^, Rj # R3/ 1^-7 and Rg represent 

two substituents or are divalent and attached to the same 
carbon, the respective pyrrole ring to which attached is a 
dihydropyrrole ; 

R is lower alkyl or benzyl; -C=0 -C=0 
Rg and Rg, .taken together are -CH2 or -CHCO2CH 
with the proviso that at least one of R^ - Rg includes a 
free carboxyl group; and optionally converting the product 
to a salt thereof. 
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1 4. The process according to Claim 1 

wherein the tetrapyrrole has the formula: 



10 



15 



IV 



R 



8 S 



HH 



y/ \ 



^^6 ^ 



/3 



or the corresponding di- or tetrahydrotetrapyrroles 
wherein 



20 



25 



30 



is me thy 



'1; f-" 

C -CH 



or 



^-OH 



I 



2 is H, vinyl, ethyl, -CHCH^, acetyl 

OH 



,C-H 

C-ethyl, 



-C=0, CKjCHjCOjH, or =CHCHO; 

-H 



R- is methvl 
3 



or 



-CH 



r.cH3 



R^ is H, vinyl, ethyl, -CHCH^ 



OH, 



CH2CH2CO2H, =CHCHO; or 



-H 

-ethyl ; 
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^ 5. The process according to Claim 4 

wherein the tetrapyrrole is a porphyrin, a chlorin or. 
a bacteriochlorin . 

5 6 . The process according to Claim 4 

wherein the amino acid is an alpha aminodicarboxylic 
acid« an aspartic acid or a glutamic acid. 

7 . The process according to Claim 1 wherein 
10 the porphyrin amino acid adduct is selected from the 

group monoaspartyl transmesochlorin IX. diaspartyl trans- 

mesochlorin IX, monoglutamyl transmesochlorin IX, 
diglutamyl transmesochlorin IX, monoaspartyl chlorin e^, 
^5 triaspartyl chlorin e^; monoglutamyl chlorin e^, 

diglutamyl protoporphyrin IX, monoaspartyl meso- 
chlorin , monoglutamyl protoporphyrin IX^ 

20 monoaspartyl meso porphyrin IX, diaspartyl meso- 
porphyrin IX, diglutamyl mesoporphyrin IX, 
diaspartyl protoporphyrin IX, monoasparty Ibacterio- 
chlorin e^, diaspartyl deutero porphyrin IX, 

25 monoaspartyl deutero porphyrin IX, monoglutamylbacteriois- 
chlorin e^, diglutamyl deutero porphyrin IX, 

mono- or diaspartyl photoprotoporphy rin IX, 
mono- or diglutamyl photo protoporphyrin IX, 
30 mono-, di-, tri- or tetragluttimy 1 coporphyrin III, 
mono- or diaspartyl hcma toporphy rin IX, 
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mono- or diglutamyl hematoporphyrin IX, 
mono- or diglutamyl chlorin , mono- or 
diglutamyl mesochlorin , mono- or diaspartyl 
chlorin and monoglutamyl deutero porphyrin IX, 

8. Use of a compound prepared by a process 
according to Claims 1 to 7 for the preparation of a 
therapeutic composition for detecting and/or treatment 
of mammalian tumors- 



